Briefly, besides their elevated carbapenem MICs, the carbapenem-heteroresistant P. aeruginosa subpopulations were found to have a prolonged lag phase and a short exponential phase in the growth curve relative to their native populations (Pournaras et al., 2007) . This might explain their delayed phenotypic detection, up to 48 h of incubation at 37 u C for some isolates, as distinct colonies within the inhibition zone of carbapenem Etests or discs. Also, the heterogeneous subpopulations were found to have the intrinsic efflux pump systems MexAB-OprM and MexXY-OprM upregulated while porin OprD was downregulated, relative to the native populations (Ikonomidis et al., 2008) ; the combination of these antimicrobial resistance mechanisms was suggested to contribute to carbapenem heteroresistance in P. aeruginosa.
This report investigates the distribution of carbapenem heteroresistance among several P. aeruginosa sequence types (STs) and documents the further diversity of this phenotype.
All single P. aeruginosa clinical isolates that were initially identified as susceptible to at least one carbapenem (imipenem or meropenem) by the VITEK 2 automated system (bioMérieux) in the Laboratory of (Pournaras et al., 2007) were used as controls. The genetic relationship of the tested isolates was investigated by PFGE of XbaI-digested genomic DNA; banding patterns were compared using criteria proposed by Tenover et al. (1995) . Also, multilocus sequence typing (MLST) was performed according to a previously described scheme (Curran et al., 2004) Although there is not yet a formal definition of heteroresistance, it could be defined as resistance manifested by a fraction of a microbial population that is generally considered to be susceptible to the respective antimicrobial (Falagas et al., 2008) . According to Balaban et al. (2004) , a bacterial population might survive antibiotic treatment through resistant mutants which show stable higher MICs to the antimicrobial or through persistent cells that return to the parental phenotype when the antibiotic pressure is withdrawn. This report shows that P. aeruginosa might produce both types of heteroresistant subpopulations when a carbapenem is used. Even within the same genotype, for example genotype XIII, isolates might exhibit different phenotypic profiles when carbapenem is used, varying from homogeneous susceptibility (PA243) to production of heteroresistant subpopulations with stable higher MICs (PA215). Moreover, a subpopulation might survive antimicrobial pressure through both a fraction of persisters and a fraction of stable resistant mutants as shown by some isolates in our collection (data not shown).
Overall, although carbapenem heteroresistance seems a dispersed trait among P. aeruginosa, it appears diverse even within the same bacterial population. In addition to the detected phenotypic diversity it should be noted that the original observations on Mex-Opr-type efflux pumps and porin OprD (Ikonomidis et al., 2008) were not replicated in all of the isolates of this study. 
